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Abstract 



A method and apparatus for the coherent demodulation of a digital signal constituted by d'g'ta' 
el^nte distributed in the time-frequency space and transmitted in the form of symbols constituted 
b a multiple* : of N orthogonal carrier frequencies modulated by a set of said d.grtal elements and 

sfmuttaneousiy the digital signal also including reference elements having a known value 
So^taSaSff^w^ space. The method includes a Fourier transform o at least samples of 
said I dioi al siqnrcontaining said reference elements from a frequency doma.n into a temporal 
SSJS?iSSSlS«?Se transformed samples in the temporal domain by a ^^^ ora ' 
Sow'fn a thresholding of the transformed samples in the temporal doma.n to eliminate any 
^^bJ^TpS^nnlnBi threshold, and a reverse Fourier transform of the sampte remaning 
STr said weighting and thresholding from the temporal domain into the frequency doma.n for 
Section on to S Sal signal. The threshold level can be fixed or varied based on the powe level 
STe noise affecting the transmission channel or an estimated pulse response of the transmiss.on 

channel. 
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HJIt©IBK:-BolEfflajR*»Abfcci:#MjV^*68© 
S®SS^*i:^^fc-^* s <t <t>^5 0 0 2 A©* 



■5i&g#fc5o ©IS* 5 ?) ATm.x #&©^ 

(6*©IMB h' (n)lift1t ft 5*3 ^ * s *? * <> 
ATmax ^NT/R=t. /R --t. Tttt'/ 

varans 

c©c2:tt« (•^©■y->r»j>yc»-j-saw©*>+ > >' 
ifttf *»fFt » sm^ft©fi^©«t ? *wj£©»^ta 



11 

Kf(n) 1 5&mmtZ>Z.£ifi<&mT-&2>a 

f (n) =1 3 tX\ n(i 0, .(N/R-l) 

f(n) =0 ddTs nli N/R, ,N-1 

«3»fa^-C ©itff 8&©/fo&©i¥(ffi 
[»1 6] 

H k 

^■^^.■5N<lCDj^-r-©(Stt!t7— 'Joi^gl (discrete Fou 
riertransfonn) 1 6 iz£.-oX$l8i£tl2>o 10 
[0 0 3 6] loO^ST-tts ft^^i-M 3 
tc«fc o T ft Hi £ i\ 5 It > 7J\< 

mn] _ 
H k 

^^^fft-s. c:©s?§2©;&?£(is «t r> >pt^WL(omn 

> K-f 5 li, N-N/R<l©-tfnit>7';i/©?"Ji: 20 

•5 CUT, N/RiP^N^T-asW.'fe-tfnitv^u-r-^ 
tifc^T, f3fa©J8Rg£«Jjn£tf£cfctci^-Cs «fc 

[0 0 3 7] *^SEMt:«t*v«, 3©3&2©;£i££gUfl 

i-ac:fc£.fcoT«3^&£PB;rr£*>s fcswis c 

ClT-^SftfclB 1©#«©H^K:^T^TOS:DFT 30 
^JCSrffiffl-rs^tiSlRBltBT-feSo g&Cs DFT- 
^StfeilD FT &&©MJ? tJfilC -T * C i: » - ^ « 

[0 0 3 8] 0 3Bu ig^ff^ftfesifiss©^^ 

SN/R<l©ffifg&{S©«£ftS. d©*(is 
VMft^fc^s ^©^i:(i«ra©p a aKS{ST$-B-S. it 40 

urea ti^> h'&m£tt-r?>mmtmMmz& mx 

&3#s HBSfcHis 0.5dB ©SSHT-&£. 
[0 0 3 9] *^©*SW*iKfSS«c<tn«, ilffSS© 

/ w^jfc&fcfcjftw©^ * <t •? t «a £ *x s . 

d©fc#>s ;H 73b*«ttS*V £©l&iSF*PBW 

^(threshold) f5. £©*5>a— MtfcSJXl/S'a 

$P&*©T$>oTfc«fcl^U fcSvMifflfo1-?>fc©T-fc 5( 
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2 lli$ofc<*iJffi£ftTv^ucfc#fr*>3". 

(is LfctfoTs d©{f^tC*W>a;H* 2 3£a&£ 
U ^•©iteMffl4 J ^©^^>'3''H ; WT r ©-r'<T©ff^ 

[0 0 4 0] PSI^fl^tt. SfSP^-tc *k i: 5 fett±M© 

&(omn<Dfflx-tiL£n%<, £©#?&& cofdmo^ 
»©«*-ewcA<«ie-r*. *r&fct«B(itb«< 

WfcW'J>Lfcft©IMH:$Mfr**iTV^S. ^ft 

©ii5v>gp^-l±^i/->3;u K«t <. -tbT^sti 

[0 0 4 1] 04(4, #»W©*«60!C 5 *e 

^#17 (is ffl^©XV->3;i/K 3 2©^«tt:bT-y- 
VTVl/h'ntaS^Vvt&SftS. st^^i-^3 3 
(is ^<ffi^i?o.-)l/3 4lcJ:^T-§-x.?>ixi)ifi : i ; «^© 

fffffio- 2 4i+»tcBi?jji^> ^i/^>3;uK©<i^*^"r 

So COFDMfflHWC^ttt, -©cr 2 ©tS^tt 

(ia 2 ©JFffi©fc»©v»-r*x©*»©"C-$)?)^i:> 

ClOifffilis 0iJxl4s l988¥nm8BClHIB©&H1*»F 
^FR 88 15216 ^ (1989^11^20HCtt«HO*a»l ! lFJB 
07/439, 275^tZ«te) ^IS«^nfcs ^>#^«JW©M 
©fS^A J #«bftV^i:t$:*iJfflbTSi#©X^^ hMz 

[0042] y.T(ciaii$n?>^fiS0!iT*(i> RjS©xp 

5. dCT-tT(iJ6#©S¥tsM-Cfe?.o ^l^i'a^KH- 
gt^^i-;i/3 3l4*fc> »fi»©^;i/;*jfcflSF©fffiii* 

n«s «*©»*t»«t!)**v^ d©flHRB*tt''^i'^ 

^©MOfcai-^i'i— ;U3 5C«toT#x.fett 
5. M!)St-2:^ ^5?*— ^3 5 (is COFDMOgf 

sc-r-cc^aEbtiiD, mmztzrzisMz&mztix 

v>2>. ISIf-JRl^ya— ;H 7 (is 0>J^.(is nyy^u- 
iPife S v> li/ W 7*^ -o X i) «t v > . 
[0 0 4 3] {te©^<©mfi£4MS#K#lff£ftST-fc3 

i tz<Dfrm.RWfe®mznfi+zz\ti*x-gz. " m?r 



(8) 
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©cr(critical a) " ©#j5{g©oS *) a s t^bv^ 
ST- § & v> 1/ a ;i/ K SiHKI" £ z. t T- & 

£. CT S tt, 0>J^«, SSllO-CBER (2 

jftlP.*)^ : binary error rate ) £*tJ5S"t"5Jf W 

[0 0 4 4] CdtN H5f&#SLT^ *^B^lCiS^ 
©&NI±5 1 2f6S. ^n^n^Ts =80//s©:S2 

©^>tf;i/te*ra&&HPit. =64/zs**l-5o ^*ve io 

1 mmm&i&RlZllft^ . jfift ©tiMRtt* 

& -eft s. ;i©/w;*j6;gi±}fe©5££*"t"£ffi 

gStHf&fl-^ K «t -a t trMb 3 ft £ . 
p (t) = (1/to ) e" t/t0 fc«U tfcO 
C 3 T% to ti313E©¥19 ittSSMI^ 
[0 0 4 5] 

[^W©^*] H5tt, ISt 0 ©ffi iPfH^tf UsC 20 
m b V^^-C 3 TD©Jfcffi©^§3 £ it it bT V> 5 . 

• «ifc9-«33 • • • 4 1 

• 48fi3£$«£ lo©S^t-3 tV> r^P • • • 4 
2 

• 8*gi£&«£ lo«3DS^t-ntL/> r«H • • • 4 
3 

^ne.«ffl^ifi!B^©#AtcJ;5«*^ (lOlogl/ 
e) -e©»5*c£i+ll£AftT:^3 (iSiiN, t©«#j 

fci^ #3ef!8©a£e£«fco-tl.6dB (R = 4©i:t) * 30 
£2dB (R=8©i:£) ©^©fiJfffcffS-i:* 5 *?* 1 



**JfftiS*SCfc-e*5. »ME£*©RM = N/R 

4s©A*Rf©»*tt*»"*"*"c**- -ne>©s 
flMRa*ttflh©«asttc]t«iyTi.2 ~2 fg©m^©ii 

^i^/i/fc^bTtH^o *JWJC» JM8W!C*3ilcaS 
©*iSi:(K«»«tt» «m-rsc£:GDSft©££fc£>& 

ffl $ ft & c i: 4> t* £ 3 © T- ft 3 . 
[0 0 4 6] 

[Hi] 7— 'Ji^i:-9->7*;i/©PS# 

«£©SI»£?to x atl/> MMI£E«©HMW9£*& 

[02 a] *^T©fl^«#3W«a&ttkfR£i'fcfc* 

©31ffi&©/W;*JiS^©3§i±©i¥ffi©0Jo 
[El 2 B] Rfl©IR&tttt£ 1 o©SigJ8S£i9E£ffi A b 

[El 3 ] *»W©teJWJ.«#«**tTb<ev^3SB©»&_ 

[ El 4 ] X U"> a )\< b* b u in* t. &@ Mm ss© > w 
^*s»c«#-r*»'&©ia i cssn* <t ? &ssb©* 

IH5J flMHMfl©*^*:* 3tl/>h«in?4ffl©« 

i^SiSlc lo©»mS^**fAUfcH-&i:> ntv>h 

&sst- 8 m<DW.mfc&K. i ooaips^&ff a Ltzm-a 

11,16 DFT 
14 DFT" 1 
1 2 ¥«L 

1 3 N/Rfli©-t»->7';i'©WtB 
1 5 

1 7 PS#fl£ 



[EI2 A] 



[H2B] 



h(n) 



N/ft 



2N/B 



(R-DN/R 



— I — 
N-l 



htn) 
SI 



N/R 



52 



2N/R 



(R-DN/R 
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